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USE OF ANTI-VEGF ANTIBODY TO ENHANCE 
RADIATION IN CNACER THERAPY 

BACKGROUND 

This work was supported by grants from the National Cancer Institute, and the 

government have certain rights in the invention. 

Tumors influence the surrounding host stroma by inducing angiogenesis to supply their 

oxygen and nutrient needs, allowing them to grow. In normal tissues, angiogenesis is tightly 
regulated by the bnlance between angiogenic and anti-angiogenic factors*^. However, the 
induction of angiogenesis by tumor .derived pro- angiogenic proteins is a discrete component of 
the malignant phenotypc. Decreased production of angiogenesis inhibitors or increased 
expression of angiogenic peptides can shiA the balance towards a pro-angtogenic stated 
permitting tumor growth. As a tumor increases in size, it disrupts its surrounding stroma and 
recruits still more host blood vessels. This paracrine relationship between a tumor and its blood 
supply represents a potential point of attack for antitumor Iherapy. 

A family of angiogenic peptides, isoforms of vascular endothelial cell growth factor 
(VEGF), are expressed by many human tumors and normal ccUs^-5. VEGF is the only known 
angiogenic protein that is exclusively mitogenic for endothelial cells in vhro and strongly 
angiogenic in vivo*^. U is secreted by q wide variety of human tumors, and inhibition of VEGF - 
induced angiogenesis, cither by neutralizing antibodies or a dominant negative soluble receptor, 
blocks the growth of primary and metastatic experimental tumors^. Physiologic regulators of 
VEGF expression include hypoxia^. ID and cytolcines^A | n certain human tumors, oncogenic 
mutations of ras and p53 are associated with increases in intratumoral VEGF levels and a poor 
rrc n rcs's^ 

' a- * * SI MMARY OF THE INVENTION 

In the present study, we examined the production of VEGF by LLC and human xenograft 

tumors following exposure to ionizing radiation (IR), and found that VEGF expression is 

induced following IR- We next examined whether blocking the action of a positive regulator of 
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.ngiogcncsis cou.d potentiate the antitumor effect of IRJHocking this 1R . mcdiatcd ^ jn 
VEGF using neutralizing antibodies against VF.GF resulted in increased endothelial cel. killing 
*nd produced greater than additive ami-tumor effect, in .ousc tumor mode, systems, findings 
that support a model in which induction of VEGF by IR contributes to the protection of turner 
blood vessels from radiation-mediated cytotoxicity. 

The invention provides a method of reducing tumor radio resistance or 
chemotherapy resistance in a cancer patient being or to be treated with radiation or 
chemotherapy, by administering to the patient a substance that inhibits chemotherapy 
or radiarion-induoed VEGF expression or that blocks VEGF activity in the patient 

The substance can be an anti-VEGF antibody, and can be administered 
(preferably IV) shortly (1-4 hours) prior to chemotherapy or radiation treatment. 

The dosages, tuning, and duration of anti-VEGF antibody administration in 

humans can be extrapolated from the animal model results presented heretn. Antibody 
preferably is administered intravenously, either prior to, dunng, or following radiation or 
chemotherapy administration. 
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PRJEF PFSCRTPTTON OF THF np & 

FIGURE 1. VEGF levels In Lewis long carcinoma in vivo and in vitro. A. VEGF 
tnRNA levels in LLC tumors following IR exposure (40 Gy divided Into two daily doses). Total 
RNA was isolated from representative tumors and probed with a cDNA encoding human VF.GF- 
165, after which they were stripped of probe and reprobed with a cDNA to GAPDH to 
demonstrate message integrity. By scanning densitometry, normalized to GAPDH, VEGF 
mRNA is induced 3-fold following JR exposure. Blots from representative animals are displayed. 
B. VKGFjyrotein levels in media conditioned by LLCs following JR exposure. LLCs were plated 
in six-well plates at low density (25% confluence), allowed to attach overnight, and then 
irradiated with 0, 5, 10", or 20 Gy. Conditioned media was collected every 24 hrs, and cells were 
detached with trypsin and counted. VEGF levels were normalized to the number of cells and 
rcponcd as total pg VECF/10 fi cells. No VEGF was detectable in unconditioned media. 

Figure 2. VEGF expression In human tumor cell lines. Subconflucnl cells from human 
tumor cell lines (Seg-1 esophageal adenocarcinoma, SQ20B squamous cell carcinoma. Ul 
melanoma, and U87 and T98 glioblastoma) were exposed to 10 Gy of ionizing radiation. 
Conditioned media from radiated and unirradiated cells was collected 24 hours later. VEGF 
levels in conditioned media were measured by EL1SA and normalized to cell number. An 
increase in VEGF secretion was observed in each cell line: Scg-1 (p-?), SQ20B (p-0.08), T98 
(p=0.02), Ul (p-0.009), U87 (p*0.0009). No VEGF was detectable in unconditioned media. 

FIGURE 3. Effect of VEGF blockade prior to treatment with ionizing radiation in 
mouse tumors and human zenografts. LLC cells (1 x 10 6 ) were injected subcutancously into 
die hindlimbs of female C57BU6 mice. SQ20B squamous cell carcinoma cells (5 x 10 s ) and 
Scg-1 esophageal adenocarcinoma cells (3 xlO 6 ) were injected into the hindlimbs of female 
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aihymic nude mice. Tumors were allowed lo attain a mean size between 350-450 mm'' (LLC, 
442 ± 1 4 mm 1 ; SQ20B, 372 ± 16 mm 5 ; Seg-1, 407 ± 20 mm'), after which treatment was begun. 
A. Effect of VEGF blockade prior to ionizing radiation In LLC tumors. Mice were treated as 
follows: IR, 40 Gy administered as two 20 Gy doses on days 0 and 1; IR (40 Gy) plus polyclonal 
goat anti-mouse VEGF-164 antibody. 10 ug were administered intraperitoneal ly 16 and 3 hrs 
before the first IR treatment and 3 hours before the second IR treatment (3 doses total); goal anti- 
mouse VEGF-164 antibody alone administered as described. Untreated controls received 
nonimmune goal JgG. B. Effect of VEGF blockade prior to ionizing radiation in SQ20B 
xenografts. Mice were treated as follows: IR, 40 Gy administered as Tour 10 Gy doses on days 0, 
1,2, and 3; IR (40 Gy) plus monoclonal anti-human VEGF-165 antibody. 10 ug administered 
intraperitoneal^ two to three hours before each dose of IR; monoclonal anti-human VEGF-165 
antibody alone administered identically to the combined treatment group. Untreated controls 
received nonimmune mouse IgG. C. Effect of VEGF blockade prior to ionizing radiation in Scg- 
1. Mice were treated as follows: IR, 20 Gy administered as 4-5 Gy doses on days 0, 1,2, and 3; 
IR (20 Gy) plus monoclonal ami-human VEGF-165 antibody. 10 ug administered 
intraperitoneal ly two to three hours before each dose of 111; monoclonal ami human VEGF-165 
antibody alone administered identically lo the combined treatment group. Untreated controls 
received nonimmune mouse JgG. D. Mice hearing SQ20B xenografts from different treatment 
groups (day 22). Mice with tumor volumes closest to the mean for each group were chosen. 

FIGURE 4. Effect of manipulating VEGF levels In vitro on TO-mcdialcd vascular 
endothelial cell killing. For MTT assays. HUVECs were plated in 96-well plates at 1 x 103 
cells/well and treated with either differing concentrations of recombinant human VEGF-165 or 
monoclonal anti-human VEGF-1 65 antibody prior to treatment with IR, and absorbancc readings 



WO 00/61186 



PCTAJSOO/09255 



-5- 

measurcd at voting time points after 1R (see Methods). For clonogenic survival assays, 
HUVECs we,* treated with different concentrations of VEGF or a polyclonal goat anti-VEGF- 
165 antibody fourhoura prior to irradiation (sec Methods). A. MTT assay for HUVECs 
predated with voryin K concentrations of recombinant human VEGF-165 four hours before IR 
treatntent. Absorbance measurements were taken at 96 hrs after IR and normalized to those 
obtained under standard conditions (no IR moment and VEGF- JO ng/ml). B. Clonogenic 
survival assay far HUVECs prerreated W tth 1, 10, or SO ng/ml VEGF± 200 and 900 cGy. 
Survivingfraction is normalized to plating eff^iency for unirradiated celb. C MTT assay for 
HUVECs pre treated with monoclonal anti-VEGF-l 65 antibody four hours before IR treatment. 
Absorbance measurements were taken at 96 hrs after IR and normalized to those obtained with 
nopretreatment with Ab. VEGF-10 ng/ml for this experiment. D. Clonogenic survival assay far 
HUVECs pretreated with a monoclonal wti-VEGF-) 65 antibody prior to irradiation. 

DETAlT.F.r>r)Fqr F TP T T^ 

Ionizing radiation Induces tumor VEGF production In vivo and in vitro 

We have examined the production of VEGF in Lewis lung carcinoma (LLC) tumors 

following exposure to ionizing radiation (IR). LLC cells (1 x 10«) were injected subcutancousry 

in the hindlimbs of female C57BL/6 mice and allowed to grow to a volume of 510 ± 1 1 mm 5 

(approximately 2 .5% body weight). Tumors were irrodiated with 20 Gy on days 0 and I and then 

harvested at days 2, 5. or 14. VEGF levels were measured by ELISA and normalized to total 

tumor protein. VEGF levels in extracts from control tumors remained relatively constant (46 to 

90 pg/mg total protein) for 14 days as the tumors grew to 61 1 0 i 582 mm 3 , or approximately 

30% of body weight (Table I). By contrast, on day 2, the mean VEGF level in irradiated tumors 

was increased more than three-fold as compared to that in unirradiated tumors (234 ± 79 pg/mg 

total extract protein, p=0.032). The mean VEGF level in irradiated tumors remained 2.2-fo!d 

higher than that in unirradiated tumors at day 14 (194 ± 47 pg/mg total extract protein, p-0.027). 

_Plasma VEGF levels remained low or undetectable in control and irradiated animals (data not 
shown). To confirm the effects of IR. VEGK mRNA levels were assessed in the same tumors by 

Northern blot analysis. VEGF transcripts were induced 3-fold two days after exposure to IR 



WO 00/61186 



PCT/US00/09255 



-6- 

(Fieurc I A). Moreover, VEGF mRI >. levels remained elevated for fourteen days. These 
findings demonstrate that 1R induces VEGF expression in vivo. 

To determine whether 1R induces VEGF in tumor cells /„ v,,o. subconfluent LLC ceils 
were exposed to different doses oflR, nnd conditioned media was harvested at various intervals 
for measurement of VEGF levels by EL1SA. VEGF levc.s in LL Conditioned media exhibited 
an IR dose-dependent increase within 24 hours. At 72 hours, VEGF levels were nearly 6-fold 
higher in media from LLC irradiated with 20 Gy (Figure IB), as compared to that for com™, 
cells (p=0.009). VEGF expression was also studied in irradiated human tumor cel. lines: Seg., 
(esophageal adenocarcinoma)"; SQ20I3 (a radioresistant squamous cell carcinoma line)"- Ul 
(melanoma); and T98 and U87 (glioblastoma). Under basal conditions, these tumor cel. lines 
secreted widely differing .evels of VEGF, with U87 cells producing the most VEGF and Ul 
melanoma cells the least (Figure 2). All demonstrated an IR-dependent increase in VEGF 
production within 24 hours of treatment with 10 Cy (Figuxc 2). These findings demonstrate that 
IR induces VEGF expression in diverse tumor cell types. 

Blockln* VEGFadon enhances the in v, w 0 „,i, Mmwr e//ec , „ fionizing 

To determine whether induction of VEGF secretion by tumors affects anti-tumor 
response, we ^ LLC tumors with neutralizing antibodies to VEGF prior to IR exposure. 
Female C57BU5 mice bearing LLC tumors (559 ± 51 mm 5 ) were treated with a polyclonal goat 
antibody directed against recombinant murine VEG1M64 (R&D Systems. 10 ug qd by 
intraperitoneal injection) or with nonimmune goat IgG. By day 7, tumor s from control animals 
had attain* a volume of 27,3 * 346 mm', while tumors in anti-VEGF-treated mice were .01 1 ± 
266 mm 3 (p=0.02). Consistent with previous observations^ 15-1 7 ^ nndines ^ 
blocking VEGF activity inhibits tumor growth. To evaluate the antitumor effects of combining 
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anu-VEGF antibodies and IR. mice bearing LLC tumors were treated as follows: untreated 
control; IR alone, 20 Gy on consecutive days (40 Gy total); anti-VEGF antibody; and IR plus 
anti-VEGF antibody (Figure 3A). Starting from a mean volume of 442 * 14 mm 5 at day 0, 
tumors in untreated controls reached a mean volume of 1 389 ± 1 36 mm 3 by day 6. Treatment 
with antUVEGF antibody alone produced a 42.6% reduction in tumor volume (796 ± 4 1 mm\ 
P-0.004); IR olone, 43.0% reduction (792 * 30 mnr\ p-0.006); and the combination of IR and 
anti-VEGF antibody, 78.0% reduction (305 * 58 mm', p=0.001 relative to IR alone), a greater 
than additive eflect (Table II). 

To extend these findings to other models for tumors, wc examined the efTect of 
eombining anti-VEGF antibody with IR in human squamous cell carcinoma and esophageal 
adenocarcinoma xenografts, both of which represent human tumors for which IR is a major 
therapeutic modality. First, athymic nude mice bearing radioresistant human head and neck 
squamous cell carcinoma xenografts (SQ20B)>4 were treated with IR and a neutralizing 
monoclonal antibody against human VEGF-J65 (R&D Systems, Inc.). SQ20B cells (5 x 10 s ) 
were implanted in the hindlimbs of female athymic nude mice and allowed to anain a volume of 
372 * 16 mm 3 (Figure 3B), after which they were treated with IR olone (40 Gy given as four 10 
Gy fractions), anti-VEGF antibody alone (10 ug intraperitoneal* each day for four doses), or 
eombined IR and anti-VEGF antibody (10 ug antibody administered 3 hours prior to treatment 
with IR). On day 19, tumors in untreated controls reached a mean volume of 3671 ± 790 mm 3 . 
Treatment with anti-VEGF antibody alone produced a 28.5% reduction in mean tumor volume 
(2624 * 287 mm 3 ); IR alone, a 48.8% reduction (1793*279 mm 3 ); and the combination of IR 
and anti-VEGF antibody, a 81.8% reduction (669 ± 120 mm 3 , p-0.003 relative to IR alone). 
Next, we examined a xenograft model for a human cancer that is seldom cured by IR alone, 
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esophageel adenocarcinoma. Seg-1 cell." (3 x 10<) were implanted in the hindlimbs of alhymic 
nude mice and allowed to attain o volume of 407 * 20 mm 3 (Fig Ure 3C ), after which they were 
treated with IR alone (20 Gy in daily 5 Gy fractions), anti-VEGF antibody as above, or combined 
therapy. Similar enhancement of the antitumor effect oflR by anti-VEGF antibody was 
observed. As was the case for LLC, in both human xenografts, the antitumor effects of 
combined therapy were greater man additive (Table 11). These findings suggest that blocking the 
effects of VEGF enhances the tumoricidal effects of IR. 

Blocking VEGF increases endothelial cell killing by Ionizing radiation 

To assess the potential effects of VEGF on JR-mediated killing of tumor cells and 
endothelial cells, we measured in vitro survival of LLCs and human umbilical vein endothelial 
cells (HUVECs) following exposure to IR. By MTT assay, there was no detectable cytotoxicity 
of LLC or SQ20B cells following exposure to VEGF or anti-VEGF antibody (data no, shown). 
In addition, recombinant VEGF failed to protect LLC or SQ20B cells from IR-mediated killing 
(data not shown), m d there was no interactive cytotoxicity of LLC when anti-VEGF antibody 
was combined whh IR (data not shown). Next, the effect of exogenous VEGF protein on IR- 
mediated cell killing of HUVECs was assessed by MTT^ and clonogenic assays!* (Figure 4). 
As measured by the MTT assay 96 hours after IU, pretreatment with VEGF protected HUVECs 
against the cytotoxic effects of 1 0 Gy IR in . dose-dependent fashion (Figure 4A-NKKD p 
VALUES). This effect was observed both in the presence and absence of serum (data i 
shown). Clonogenic survival was also increased in a dosc-dependent fashion when VEGF < 
Added to the HU VEC culture medium prior to IR (Figure 4B). Next, we tested whether adding 
anti-VEGF increases endothelial cell sensitivity to I R. Adding anti-VEGF antibody to the culture 
medium prior to IR exposure decreased cell proliferation as measured by MTT assay in 
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HUVEQ but not SQ20B cells (Figure 4C) or LLC proliferation (data not shown). Similar 
decreases in endothelial cel. survival after exposure to IR w crc observed in clonogenic assays 
when HUVECs were pretreatcd with anti-VEGF antibody (Figure 4D). To determine whether 
VEGF protects against IR-induced apontosis, flow cytometry studies were performed after 
labeling cells with 7-A A D 20. There was no difference between the percentage of apoptotic ceHs 
m HUVECs exposed to IR, concentrations of anti-VEGF monoclonal antibody as high a, 100 
ng/ml, or both IR and anti-VEGF antibody (DATA NEEDS TO BE FINALIZED). TTtese results 
indicate that IR-induced VEGF production by tumors inhibits the lethal effects of )R on 
endothelial cells. 

DISCUSSION 

Our findings demonstrate tha, lit induces VEGF expression by tumors. Importantly, 
blocking the effect of VEGF in irradiated LLC and human tumors produces greater than additive 
antitumor effect, In v/vo. Also, blocking VEGF action produces increased clonogenic killing of 
vascular endothelial cells in vUro, whereas the addition of recombinant VEGF blocks the killing 
of endothelial cells. Taken together, these data raise the possibility that blocking positive 
regulator, of angiogenesis is effective in potentiating the antitumor effects of IR. The use of 
growth blockade for endothelial cells (anti-VEGF antibody) and IR may disrupt the paracrine 
relationship between the tumor and its blood supply and emphasizes the potential important* of 
combining an angiogenesis inhibitor with a DNA damaging agent. ]R is a major therapeutic 
modality that is effective in the treatment of relatively „n„|| tumors and of large tumors only 
with considerable toxicity to normal tissues. Depriving the tnmor endothelium of VEGF using 
neutralizing anlibodics prior lo |R cxposurc 0 , prctreatjng ^ ^ ^ 
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peptidcs represent strategics to inercasc the antitumor effects of f R with minimal toxicity to 
normal tissues. 

METHODS 

Cell culture 

Lewis lung carcinoma cells (gift of J. Folk,™) and SQ20B cells were 8 rown as 
previously dcscribedl9.21.22. Humnn umbi|ica , vcin cndothclial ^ (HUV£Cs) ^ 
maintained in EGM-2 medium (Clonics) + 1% fetal bovine serum (Cloneties). U87 and T98 
human glioblastoma cells were maintained in RPM1-1 640 (Life Technolo B ics. Inc.) + 1 0% FBS 
flniergen); Ul melanoma cells, DMEM (75%) + F 12 (25%) + 1 0% FBS. 

Neutralizing antibodies against VEGF 

For experiments with LLC, neutralizing polyclonal goat antibody (IgG) against 
recombinant mouse VEGF-164 (R * D Systems. Inc.) was dissolve* in ]>BS and administered 
via intraperitoneal injection. Control mice in these experiments received nonimmune goat IgG 
(Sigma). For experiments with human tumor xenografts, a neutralizing monoclonal antibody to 
recombinant human VEGF-1 65 (R&D Systems) was used. Contro. mice in these experiments 
received nonimmune mouse IgG (Sigma). 

Tumor models 

LLC cells were injected subeutaneously imo the right hind limb (1 X 1 0< cells in PBS) of 
C57BLV6 female mice (Frederick Cancer Research Institute). SQ20B human squamous cell 
carcinoma cells" (1 x 10* cells) and Seg-1 esophageal adenocarcinoma cells" (3 x 10 * ccIls) 
were injected subeutaneously Into the hind limb of female athymie nude mice (Frederick Cancer 
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Research Institute). Tumor volume was determined by direct measurement with calipers and 
calculated by the formula (length x width x depth/2) and reported as the mean volume * s. CJn ., 
as previously described 19.21. Tumors wcrc a „ owed {Q ^ ^ ^ ^ ^ ^ 

which time mice were divided into experimental groups and treatment begun. Tumors were 
irradiated using a GE Maxitron X-ray generator operating at 1 50 kV, 30 mA, using a 1 mm 
aluminum filter at a dose rate of 1 88 cGy/min.. Mice were shielded with lead except for the 
tumor-bearing right hindlimb. The care and treatment of animals was in accordance with 
institutional guidelines. 

Measurement of VEGF levels m lumor extracts and conditioned media 

At various time points, mice wcrc chosen from each LLC experimental group such that 
the overall group mean tumor volume was affected as little as possible and euthanized to obtain 
tumor tissue. Tumor extracts were prepared by homogenizing tumors in RTP A buffer (1 50 mM 
Nad, 10 mM Tris, 5 mM EDTA, Triton X-100 0.SV., and dithiothrcitol 1 pM, P H 7.5, PMSF 50 
uM. leupeptin 1 ug/ml, and aprotinin 2 pg/ml). The homogenate was then subjected to three 
freeze-thaw cycles m liquid nitrogen to lyse cells and then spun at 5000 C at 4« C to pellet 
debris. VEGF levels wcrc measured in tumor extract supernatants by ELISA (R&D Systems), 
and protein assays were performed by Lowry assay. VEGF levels were normalized to total 
extract protein concentration and expressed as pg VEGF/mg total extract protein. VEGF levels in 
tumor cell conditioned media were also measured by ELISA and were normalized to cell number 
in each well. At least three wells per time point wcrc measured. 
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P = 



in 



"here P- proliferation re.ative to control; A= absorbance at 515 nm (A,,,): A 0 - A 51J atT=0 hr; 
and A^^Aj,, for control cells (unirradiated, grown in 10 ng/ml VEGF-165). 

Cionogenic assays 

Cionogenic assays were performed as previously described^. Briefly, HUVECs and 
LLCs were plated in EGM-2 media. Eighteen hours after plating, HU V£C media was replaced 
with media i n which the VEGF su PP «ied hy the manufacturer was omitted, and a defined amount 
(0-50 ng/ml) of recombinant VEGF-165 (R&D Systems, Inc.) had been added. Four hours later, 
cells were irradiated with dose, of 0-900 cGy using a GE Maxitron X-ray B enera.or operating at 
250 kV, 26 mA, with a 0.5 mm copper filter at a dose rate of 1 18 cGy/ntin. Cultures were 
returned to the incubator for 14-17 days, after which they were stained with crystal violet. 
Colonies were counted and surviving fractions were determined. Colonies containing >50 cells 
were scored as positive. For studies with antibodies. HUVfcCs were plated in serum-free EGM-2 
containing 5 ng/m« VEGF-1 65. Four hours before irradiation, polyclonal antibodies to human 
VEGF-165 (R & )> Systems. Inc.) were added to the media. Media was replaced with serum- 
containing media 48 hours after IR and the cells incubated for colony counting. 

Data analysis 

Statistical significance was defined using one-way analysis of variance (ANOVA) or 
Student's t-iest, as appropriate. 
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TABLT- S AND TABLE T .F.GTftqffi 
TABLE , ) .: VF.GF Levels In Lewis lung carcinoma tumors after irradiation 



UNTREATED CONTROLS 



Mean tumor volume 
D»y (mm*) ± t.e.m 

2 947 ± 43 

5 1545 ± 93 

14 6110 ± 582 



VEGF(pg 

VEGF/tob 
total protein) 

69 ± 21 

46 ± 18 

90 ± 23 



IONIZING RADIATION (40 Gy) 

VEGF (pg 
Mean tumor volume VEGF/rag total 
fmm*)*i.e.m. protein ) 



641 ± 22 
786 ± 52 
2854 ±338 



234 ± 79 • 
135 ± 32 * 
194 ± 47 * 



•p < 0.05 relative to VEGF levels untreated controls 



TABLE H; Kfftct of comhininr anti-VF.CF Bn t |bodv and inning radiation 



Tumor volume (% untreated control volume for untreated control*) 

Expected for Observed 



Tumor 


Day 


Ionizing 
radiation 


Antl-VEGF 
antibodv 


combined If 
additive 


volume for 
combined 


Observed/ 
expected 


LLC 


6 


57.0% 


57.4% 


32.7% 


22.0% 


0.673 


Seg-1 


13 


19.8% 


77.8% 


15.4% 


6.9% 


0.448 


SQ20B 


19 


51.2% 


71.5% 


36.6% 


18.2% 


0.497 
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Worthern bfots 

Total RNA was isolated from cultured cells and tumor tissue usine the B uanidinc 
thiocyanate method23 utilizjng Xri2o) Ls (Ljft ^ ^ ^ ^ ^ ^ ^ ^ ^ 

on 1 2% agarose gels containing forma.dehyde and blotted onto nylon membranes, then 
hybridized with a cDNA probe lebded hy random prim i n6 and consisline of a cDNA 
human VEG F 24. Hybridizations were carried out at 60* C in 0.5 M sodium phosphate (pH 7.0). 
7% sodium dodecy. sulfate, 1 mM EDTA, and 1% bovine serum albumu^, and Wot5 ^ 
washed as previously desert. After autoradioeraphyi b]oU ^ ^ ^ 

-hybridized to a labded cDNA encoding rat glycoraldchyde 3-phosphatc dehydrogenase 
(GAPDH) to demonstrate message integrity. 

MTTAssays 

HUVECs were p.ated (1 x 10' cel.s/wcl, in 96 well plate.) in EGM-2 media and allowed 
to attach overnight. Media was replaced with EGM-2 media containing different concentrations 
^recombinant human VEGF-165 (R&D Systems, Inc.). In other experiments, the 
concentrationofVEGP-l^was Kept constant and varying concentrations of either a neutralizing 
polyclonal or monoclonal anti-human VEGF-165 antibody (R&D Systems, Inc.) were added 
prior to treatment with IR. 72 or 96 hour* after IK, cells were pulsed with 3-[4. 5- 
dimeth y lthi«zol-2y|]-2, 5-diphenyltetrazolium bromide (Sigma Chemical Company)18 a , 0 .5 
mgmd culture volume for four hours, after which the media was removed and the dye so.ubi.ized 
in dimethy, sulfoxide. Absorbanc* w M measured at 515 nm and normalized to untreated control 
cells by the following equation: 
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What is claimed: 

1. Use of a substance that inhibits VEGF expression of blockers VEGF activity in vivo in the 
preparation of a medicament for the mediation of radio resistance or chemotherapy resistance 
in a human cancer patient. 

2. The use of claim 1, wherein said substance is an anti-VEGF antibody. 
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FIGURE 4A 
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